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HOLDER AND HEAT SINK FOR HIGH PERFORMANCE LIGHT EMITTING 
DIODE WARNING LIGHT ASSEMBLY 

Background of the Invention 

(1) Field of the Invention 

The present invention pertains to a supporting holder and heat sink for 
5 high performance, light emitting diode warning lights. In particular, the 

present invention pertains to a support casing for light emitting diode warning 
lights and their optics, where the light emitting diodes and optics are 
removably held to the support casing by a spring brace and where the support 
casing functions as a heat sink for the light emitting diodes. 
10 (2) Description of the Related Art 

Since the invention of the rotating beacon in the 1940's, a large 
number of emergency and service vehicles have been protected by warning 
lights that use an incandescent lamp. In these systems, the lamp is given'the 
appearance of flashing by a rotating reflector positioned in the warning light. 
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The reflector is rotated about the lamp and produces a rotating, reflected arc 
of coverage and a level of warning within a specified zone around the vehicle. 

More recently, emergency and service vehicles have employed 
warning signal lights comprising light emitting diodes (LEDs). In most 
5 emergency warning light applications employing LEDs, it is necessary to use 
an optic placed in front of the LED. The optic, typically a lens and reflector, 
focuses the light output of the LED and concentrates and directs the light 
output into the particular area needed to provide visual protection to the 
emergency vehicle. Therefore, a typical emergency warning light assembly is 
10 comprised of a mounting structure, the LED, and the optic in proper 
alignment. 

At the present time, some of the highest performance, commercially 
available light emitting diodes are built on circuit boards incorporating an 
aluminum base. The aluminum base permits cooling of the LED chip by 

15 conduction of the heat generated by the LED chip through the aluminum base 
to a metallic mounting structure. LED assemblies of this type are commonly 
called "stars" because of the star shape of the aluminum base. The cooling of 
the LED chip is critical to the operation of the emergency warning light 
because the light output of the LED is substantially reduced as the 

20 temperature of the LED chip increases. In addition, the LED chip could suffer 
terminal failure at about 105°C. 

Since the beginning of the use of light emitting diodes in emergency 
vehicle warning lights, their performance has continuously improved and is 
currently at or above 55 lumens per watt for colors such as red-orange. It has 
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been observed that, given the forward voltage requirement of about 3 volts 
per LED and the voltage drop through the control electronics of a typical 
warning signal light, a string of LEDs in series is typically used to achieve 
maximum electrical efficiency on a 12 volt automotive electrical system. LEDs 
5 with a 1-watt rating typically operate at 350 milliamps. Thus, in a 12-volt 

automotive electrical system, the same electrical energy is required to operate 
one LED, two LEDs connected in series, or three LEDs connected in series. 
For emergency vehicle applications, it is therefore desirable to employ two or 
three LEDs connected in series in the warning signal lights of the vehicle. 
10 However, with the LEDs connected in series, if one of the LEDs goes out, the 
other LEDs go out as well. Given the substantial cost of each LED, currently 
between $5.00 and $10.00 apiece, it is very desirable to be able to replace, in 
the field, a single failed LED of a series string of LEDs in an emergency 
vehicle warning signal light. 

15 

Summary of the Invention 

The present invention overcomes the disadvantages associated with 
emergency vehicle warning signal lights employing two, three, or more LEDs 
by providing a signal light supporting apparatus that enables easy 
20 replacement of failed LEDs while also functioning as a heat sink for the LEDs. 

The signal light supporting apparatus provides a secure mounting for 
one or more of the LEDs, and provides a secure, removable attachment of an 
optic to each of the individual LEDs. The supporting apparatus functions as a 
thermally conductive path for the individual LEDs to dissipate the heat 
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generated by the LEDs, and thereby maximize the light output and prevents 
the failure of the LEDs caused by excessive heat. A removable attachment of 
the LEDs and their optics to the light supporting apparatus permits the easy 
replacement of individual LEDs should one fail when the other LEDs in the 
5 series connection have not failed. 

The signal light supporting apparatus of the invention is basically 
comprised of one or more support casings, one or more electronic circuit 
members having an LED, an optic for the LED of each electronic circuit 
member, and a spring brace for each optic and electronic circuit member that 

10 removably holds the optic and electronic circuit member to the support casing. 
The preferred embodiment of the signal light supporting apparatus 
employs two support casings. However, other numbers of support casings 
could be used. The support casing is constructed of a thermally conductive 
material, for example a metal. It has an elongate configuration with a 

15 rectangular rear wall. A pair of side walls project outwardly from opposite side 
edges of the rear wall, defining a spacing between the side walls and in front 
of the rear wall. Each of the side walls projects outwardly from the rear wall to 
a forward edge of the side wall. A plurality of notches are formed in the 
forward edges of the side walls. The notches of the two side walls are 

20 positioned opposite each other. Holes are provided in the side walls adjacent 
the notches. Pluralities of posts also project outwardly from the rear wall. 
The posts are arranged in pairs that are centered between the pairs of side 
wall notches. 
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When two support casings are employed in the signal light supporting 
apparatus, a back plate connects the rear walls of the two support casings 
with the side walls of the two support casings being positioned parallel to each 
other. However, other arrangements of multiple support casings could be 
5 used. 

One or more electronic circuit members, each having an LED, is 
mounted to the rear wall of the support casing. In the preferred embodiment, 
the electronic circuit member is a "star" type member described earlier, that 
comprises an LED chip with a metallic mounting base having a star shape. 

10 The electronic circuit members are electrically connected in series. Each of 
the electronic circuit members is removably mounted to the support casing 
rear wall by being inserted between and engaging between a pair of the posts 
that project from the rear wall. 

One or more optics are mounted to the support casing. The number of 

15 optics depends on the number of LEDs mounted to the support casing. Each 
of the optics has a general conical shape. A small, recessed concave surface 
at the apex of each conically shaped optic is positioned against the convex 
surface of the light emitting diode of each electronic circuit member. The 
circular base of the conically shaped optic is received in a pair of opposed 

20 notches in the forward edges of the support casing side walls. This properly 
orients the optic for focusing and projecting the light of the LED outwardly 
from the support casing. 

A spring brace is employed to removably hold each optic and its 
associated electronic circuit member to the support casing. The number of 
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spring braces employed corresponds to the number of optics and LED 
electronic circuit members employed. The spring base is a wire spring having 
a general U-shaped configuration with opposite ends and a small center 
projection bent into the middle of the U-shaped spring. The spring brace is 
5 removably attached to the support casing by positioning the center projection 
in the concavity of the optic, and positioning the opposite ends of the spring in 
a pair of holes in the opposite side walls of the support casing. With the 
spring brace removably holding the optic against the electronic circuit member 
and holding the electronic circuit member against the rear wall of the support 

10 casing, the heat generated by the LED of the electronic circuit member is 
dissipated through the support casing. In addition, should one of the LEDs 
fail, the electronic circuit member of the failed LED is easily removed from the 
support casing by disengaging the opposite ends of the spring brace from 
their engagement in the holes in the side walls of the support casing and 

15 removing the spring brace, the optic and the failed electronic circuit member 
from the support casing. 

Brief Description of the Drawing Figures 

Further features of the invention are set forth in the following detailed 
20 description of the preferred embodiment of the invention and in the drawing 
figures wherein: 

Figure 1 is a front elevation view of the signal light supporting 
apparatus of the invention mounted to a motive source that oscillates the 
apparatus; 
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Figure 2 is a rear perspective view of the apparatus removed from the 
motive source of Figure 1 ; 

Figure 3 is a front perspective view of the apparatus with several of the 
LED assemblies disassembled from the holder; 

Figure 4 is a perspective view of the electronic circuit members of the 
LED assemblies; 

Figure 5 is a perspective view of several of the optics of the LED 
assemblies; 

Figure 6 is a perspective view of several of the spring braces that hold 
the optics and electronic circuit members to the support casing; and, 

Figure 7 is a front perspective view of the apparatus removed from the 
motive source of Figure 1 . 

Detailed Description of a Preferred Embodiment 
15 Figure 1 shows the apparatus of the present invention 12 mounted on 

a motive source 14. The motive source shown is only one example of a 
motive source that may be used with the apparatus of the invention. The 
motive source 14 is of a type disclosed in the U.S. patent of W. Kenneth 
Menke, No. 5,842,768, titled Signal Light Oscillating Mechanism. This type of 
20 motive source 14 oscillates the apparatus of the invention 12 through an arc 
of movement. Again, other types of motive sources may be employed with 
the apparatus 12. 

The signal light supporting apparatus 12 of the invention is basically 
comprised of one or more support casings 16, one or more electronic circuit 
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members 18 each having an LED, an optic 22 for the LED of each of the 
electronic circuit members, and a spring brace 24 for each of the optics 22 
and circuit members 18. 

In the preferred embodiment of the signal light supporting apparatus 
5 12, two support casings 16 are employed. The two support casings 16 are 
identical to each other. However, in other applications, one support casing 
could be used, or three or more support casings could be used. 

As best seen in Figures 2 and 3, each support casing has an elongate 
configuration with a rectangular rear wall 26 and a pair of side walls 28, 32. 
10 The rear wall 26 and side walls 28, 32 are all constructed of a thermally 
conductive material, for example, aluminum. The pair of side walls 28 are 
parallel to each other and project outwardly from opposite side edges of the 
rear wall 26 to forward edges 32 of the side walls. 

Notches 34 are formed into each of the forward edges 32 of the side 
15 walls 28. As best seen in Figure 3, the notches 34 are arranged in pairs in the 
side wall forward edges 32 on opposite sides of the rear wall 26. 

Holes 36 are formed in each of the side walls 28 adjacent the notches 
34. The holes 36 are arranged in pairs on opposite sides of the rear wall 26 
and are centered relative to their adjacent notches 34. 
20 Pairs of post 42 project outwardly from the rear wall 26. The pairs of 

post 42 are arranged in a line that extends along the length of the rear wall 
26. Each pair of posts 42 is centered on the rear wall between each of the 
pairs of notches 34 in the support casing side walls 28. 
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The two support casings 16 of the apparatus 12 shown in Figures 1-3 
and 7 are secured together by a back plate 44 that is connected to the rear 
walls 26 of the two casings. The back plate 44 holds the pairs of side walls 28 
of the two support casings 16 in a parallel relationship to each other. A 
5 bracket 46 projects downwardly and forwardly from the back plate 44. The 
bracket 46 is employed in mounting the apparatus 12 to the motive source 14 
described earlier. As shown in Figure 2, the back plate 44 also supports an 
electronic circuit board 48 that controls the electrical current supplied to the 
signal lights of the apparatus. Unregulated electrical power is supplied to the 

10 circuit board 48 through wire 85 and regulated current is supplied to the series 
string of electronic circuit members 18 through wires 86. 

The side by side positioning of the support casings 16 shown in 
Figures 1-3 and 7 is only one example of the possible relative positions of the 
support casings 16. In addition, as explained earlier, more than the two 

15 support casings 16 shown in the drawing Figures may be employed in a 
signal light supporting apparatus, with the support casings 16 being 
positioned in a variety of different relative positions. 

One or more of the electronic circuit members 18 are removably 
mounted to the rear wall 26 of the support casing 16. In the embodiment 

20 shown in the drawing figures, three electronic circuit members 18 are 

mounted to the rear wall 26. Each electronic circuit member 18 is a "star" 
type circuit member described earlier. Each of the electronic circuit members 
18 has a light emitting diode (LED) 52 at its center. The LED has a slightly 
convex surface. The metallic mounting base 54 has a plurality of projecting 
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arms 56 that give the electronic circuit member 18 the star shaped 
configuration. Electrical contacts 58 are provided on the arms 56 of the circuit 
members 18. Electrically conductive connections 62 are provided between 
the electrical contacts of the adjacent circuit members, connecting the three 
5 circuit members in a series connection the last of which is connected to 

ground by ground straps 87. The three electronic circuit members 18 shown 
in the illustrated example are also connected with the electronic circuit board 
48 for controlling illumination of the LEDs. 

Each of the electronic circuit members 18 is removably mounted to the 

10 support casing 16 by being inserted between and engaging between a pair of 
the posts 42 that project outwardly from the rear wall 26. The base 54 of each 
electronic circuit member 18 engages against the rear wall 26, thereby 
enabling heat transfer from the base to the rear wall. The engagement of the 
pair of posts 42 with the opposite sides of the base 54 also conducts heat to 

15 the rear wall 26. The pairs of posts 42 removably hold the electronic circuit 
members 18 to the rear wall preventing movement of the circuit members 
across the surface of the rear wall. However, the positioning of each pair of 
posts 42 in the spacings between adjacent arms 56 of each circuit member 
base 54 enables the circuit members 18 to be easily removed from between 

20 the pairs of posts when replacement is needed by pulling the circuit members 
18 away from the rear wall 26. 

A number of optics 22 corresponding to the number of circuit members 
18 are mounted to the support casings 16. As seen in Figure 5, each of the 
optics 22 has a general conical shape and comprises a focusing center lens 
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64 and a parabolic reflector 66 that surrounds the lens. A small recessed 
concave surface is provided at the apex 68 of each optic 22. 

Each optic 22 has a circular edge 72 opposite the apex 68. The apex 
68 of each optic 22 is positioned against the convex surface of the LED 52 of 
5 each of the electronic circuit members 18. This positions portions of the 

exterior surface of the optic 22 in one of the pairs of notches 34 formed in the 
side walls 28 of the support casings 1 6. The engagement of the concave 
surface at the optic apex 68 against the LED and the positioning of the optic 
exterior surface in the opposed pairs of notches 34 in the support casing side 

10 walls 28 positively positions each of the optics 22 adjacent its associated LED 
52 in the support casing 16. This properly orients each of the optics 22 in the 
support casing 16 for focusing and projecting the light of each LED 52 
outwardly from the support casing. 

Each of the spring braces 24 shown in Figure 6 is employed in 

15 removably holding each optic 22 and its associated electronic circuit member 
18 to the support casing 16. The number of spring braces 24 employed 
corresponds to the number of optics 22 and the number of electronic circuit 
members 18 mounted to the support casing 16. As shown in Figure 6, each 
spring brace 24 is a wire spring having a length with opposite in turned ends 

20 76. The wire spring has a general U-shaped configuration. Side portions 78 
of the spring wire extend parallel to each other from the in turned ends 76 to a 
middle portion 82 of the spring that connects the two side portions 78. A 
small center projection 84 is bent into the middle portion 82 of the spring. The 
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flexibility and resiliency of the spring brace 24 enables it to be removably 
attached to the support casing 16 without the use of separate fasteners. 

In assembling the apparatus of the invention, the series connected 
electronic circuit members 18 are first removably mounted on the support 
5 casing 18 by positioning each base 54 of a circuit member between a pair of 
post 42 on the support casing rear wall 26, as described earlier. The optics 
22 are then mounted to their associated circuit members 18 by positioning the 
concave surface at each optic apex 68 against the convex surface of the 
LEDs 52 of the circuit members 18. Each spring brace 24 is then mounted 

10 over an optic 22 by flexing the opposite ends 76 of the brace away from each 
other and then positioning the opposite ends 76 over the support casing side 
walls 28 and into the holes 36 in the side walls. Releasing the spring braces 
24 allows their resiliency to cause the spring brace ends 76 to removably 
engage in the holes 36. As each spring brace 24 is positioned over the 

15 support casing side walls 28, the center projection 84 of the spring brace 
extends into the optic lens 64. With the spring braces 24 in their positions 
shown in Figure 7, the spring braces 24 solely removably hold the optics 24 
and the electronic circuit members 18 to the support casing 16. 

With the spring braces 24 removably holding the optics 22 against the 

20 electronic circuit member 18 and holding the electronic members 18 against 
the rear wall 26 of the support casing 16, the heat generated by the LEDs 52 
is transferred from the base 54 of each electronic circuit member 18 to the 
support casing rear wall 26, dissipating the heat from the electronic circuit 
member 18 through the support casing 16. In addition, should one of the 
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LEDs 52 fail, the electronic circuit member 18 of the failed LED can be easily 
removed from the support casing 16 by disengaging the opposite ends of the 
spring brace 24 from their engagement in the holes 36 of the casing side walls 
28, and removing the spring brace 24, the optic 22 and the failed electronic 
5 circuit member 18 to enable replacement of the electronic circuit member. 

The signal light supporting apparatus 12 described above provides a 
secure mounting for one or more of the LEDs 52 and their associated optics 
22, and provides a removable attachment of the LEDs 52 and their optics 22 
that enables easy replacement of a failed LED. The supporting apparatus 12 
10 also functions as a heat sink providing a thermally conductive path for the 
individual LEDs to dissipate the heat generated by the LEDs and thereby 
maximize the light output and prevent the failure of the LEDs caused by 
excessive heat. 

Although the apparatus of the invention has been described above by 
15 reference to a particular embodiment, it should be understood that 

modifications and variations could be made to the invention without departing 
from the scope of protection provided by the following claims. 
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